The bonding state of the asphalt layers in a road pavement structure significantly affects its fatigue life. These bondings, therefore, require detailed tests and optimization. In this paper, the analyses of the correlation between the results of laboratory static tests and the results of fatigu e tests of asphalt mixture interlayer bondings were performed. The existence of the relationships between se lected parameters was confirmed. In the future, the results of these analyses may allow for assessment of interlayer bondings ' fatigue life based on the results of quick and relatively easy static tests.
INTRODUCTION
The structure of flexible road pavement consists of interconnected layers of asphalt mixtures in the upper section. The state of bonding between the layers plays an imp011ant role in the durability of the whole structure. In the absence of an adequate bond, interlayer bond weakening and acceleration of road pavement degradation occur [1 , 2, 3, 4, 5] . Typically, relatively easy and quick static methods are used for laboratory evaluation of interlayer bonding strength. However, interlayer bondings are subject to dynamic load coming from car wheels. Thus, their degradation over time should rather be seen as a fatigue process.
Static and fatigue tests of interlayer bondings were conducted by Diakhate et al. [6] . A comparison of the test results was performed and a formula was proposed to determine the fatigue life of the 1 Prof., DSc., PhD., Eng., Wroclaw University of Technology, Faculty of Civil Engineering, Ul. Wybrzeze Stanislawa Wyspimiskiego 41, 50-370 Wroclaw, Poland, e-mail: antoni .szydlo@pwr.wroc.pl 2 PhD., Eng., Cracow University of Technology, Faculty of Civil Engineering, Ul. Warszawska 24, 31-155 Krakow, Poland, e-mail : kmalicki @pk.edu.pl bonding. Fatigue tests were also carried out by Jaskuła [7] . It was observed that, at high shear stress, the factor determining the durability of the bonding is the occurrence of the interlayer tack coat.
In this paper, an attempt was made to analyze the correlation between the results of static tests and fatigue tests of interlayer bondings carried out under shear mode. By comparing the results, the occurrence of significant trends and relationships were sought. Fatigue analysis is based on the results obtained by an individual laboratory research method [8] . Similar analyses, in the future, may allow for assessment of fatigue life of asphalt mixture interlayer bondings based on the results of quick and relatively easy static tests. Thus, it is a key issue both from the scientific and technical point of view as well as the economic one.
RESEARCH METHODS AND THE EVALUATION PARAMETERS OF INTERLAYER BONDING PERFORMANCE
The tests on interlayer bondings were conducted in shear mode in the Leutner apparatus using static load and cyclic load causing the fatigue process. The tests were carried out at a temperature of +20 ° C. This paper presents only selected parameters and the most important elements of the research methods used; their wider description can be found in the literature [8, 9, 10] .
STATIC TESTS
The static tests were based on the German manual [11] and its Polish counterpart [12] . The Leutner apparatus used in the shear tests is shown in Figure 1 . During the test, the equilibrium path of the interlayer bonding performance between an applied shear stress t and occurring vertical displacement p is achieved. The shear stress was determined as the ratio of shear force to the sheared surface area of the specimen. A sample graph for the G1 sample is shown in Figure 2 . The analysis of the resulting equilibrium path can be differentiated into four typical work stages of bonding that can be described using the selected parameters.
A zero stage of a variable length occurs at the beginning of the test and is associated with an adjustment of the sample to the testing apparatus. It is not included in the basic description of the material performance.
In the next, or first work stage, the period of stable response of the tested bonding is visible.
Through the regression method, a line tangent to the graph t -p is determined, which is denoted by the green line in Figure 2 . The extension of the regression line to the abscissa allows for introducing a parameter of the adjusted displacement p k and allows elimination of the influence of the zero stage on further descriptions of the bonding performance. p k parameter is defined as a displacement between the point of intersection of the tangent to the function with the abscissa and the displacement corresponding to the maximum tangential stress. dτ -increase of interlayer shear stress at the stage of solid rigidity of the bonding [MPa] , dp k -increment of adjusted interlayer displacement corresponding to the growth of shear stress dτ [mm].
The second instantaneous stage concerns the moment of maximum shear stress, marked in Figure 2 with a red circle. The evaluation parameter of this stage is the shear strength of the bonding τ c
[MPa], defined as the ratio of the maximum shear force set to the surface area of the sample subjected to shear [12] .
After obtaining the maximum value of shear stress, a third agreed stage of the work occurs in which it is assumed that the bonding is damaged and no longer carries the load.
Thus, whereas four stages of bonding operation (including the zero stage) were distinguished, only the first and second stages were picked for further analysis. The parameters adopted for the operation description for those stages are summarized in Table 1 . 
FATIGUE TESTS
In the development of interlayer bonding strength test methods, a method of direct shear under cyclic load was developed. The test was carried out in a controlled stress mode with a coefficient of cycle asymmetry R = 0. The load at a frequency of 0.833 Hz with a duration of 240 ms was applied.
The stand for the fatigue test of interlayer bondings is shown in Figure 3 . The developed fatigue testing method was based on the concept of dissipated energy by Van Dijk [13] , which found a widespread use in the research of the asphalt mixture fatigue process [14, 15, 16, 17] . At sinusoidal loading the dissipated energy in a cycle in testing material can be represented by the following formula:
where: 
The method assumes that there are three phases of material degradation: the initial stabilization phase, the phase of micro-crack initiation and propagation and the phase of macro-crack formation and propagation leading to the destruction of the material. An example of interlayer bonding degradation in the form of changes in displacement u during the fatigue test is shown in Figure 4 . 
PREPARATION OF SAMPLES
The tests used layered cylindrical samples prepared by the static method. Stone mastic asphalt with a maximum aggregate size equal to 11 mm (SMA 11) was used for the wearing course and asphalt concrete with a maximum aggregate size equal to 20 mm (AC 20) was used for the binder course.
An example of a sample prepared for the test is shown in Figure 1 .
Three variants of performing the bonding and their summaries are given in Table 2 . 
ANALYSIS OF THE CORRELATION BETWEEN SELECTED STATIC AND FATIGUE TEST RESULTS
By comparing the results of static and fatigue tests, certain trends and relationships occurring between them were sought. The values of the selected parameters determined in laboratory tests were subject to analysis.
PARAMETERS SELECTED FOR ANALYSIS
A comparison of the parameters listed in Table 3 was conducted. 
ANALYSIS OF THE RESULTS OF STATIC STRENGTH AND THE COEFFICIENT OF FATIGUE CURVE
It was observed that the value of the directional coefficients of the Wöhler fatigue curves obtained for the tested contact conditions corresponds to the average shear strength tested in the static test.
Compared values with the basic statistics are summarized in Table 4 . The Wöhler fatigue curves were described in detail and illustrated in [9] . The observed differences were most likely due to the randomness of the fatigue process. Therefore, it was necessary to conduct a statistical analysis to assess the occurrence of significant differences between the parameters. For this purpose, the Student's t-test was used to compare the value of the statistical parameter t, determined according to Eq. (4.1), with its critical value [19] . The analysis was performed at the significance level of 0.05 for the number of degrees of freedom equal to 3. The results were summarized in Table 5 . For all analyzed series, statistical parameter t value was less than the critical value for the accepted level of significance. Therefore, there were no statistically significant differences between the average static strength and the value of the directional coefficient of fatigue curve.
Tack coat variant
Confirmation of the presence of such a relationship is an important element that can be used in the future for the construction of regression models for interlayer bonding durability for the various contact conditions based on the results of static strength tests.
ANALYSIS OF THE DISPLACEMENT RESULTS
In the next step of the analysis, the average values of adjusted displacement from static tests p ka and the values of displacement at the time of macro-crack u ma were compared. The analysis assumes that the shear strength τ ca is treated as a range of shear stress Δτ. Distribution of results is shown in Figure 6 . The three results on the right side of the graph relate to displacement obtained in static tests p ka and the results on the left side of the graph relate to fatigue tests. 
ANALYSIS OF MODULI RESULTS
In a similar way, the average values of shear stiffness modulus ΔK ma were compared for the applied stress ranges and interlayer reaction tangential moduli K a determined in static tests. The distribution of the results is shown in Figure 7 . The three results on the right side of the graphs 7a and 7b
concern moduli K a obtained in the static tests. for interlayer bondings without a tack coat (G series), a very good correlation for both linear ( Fig.   7a ) and curved function (Fig. 7b ) was obtained. In order to determine the final relationships, it is necessary to undertake further static and fatigue tests.
CONCLUSIONS
In this paper, the selected results of static and fatigue tests based on the presented method were compared. The results of the analysis confirmed the presence of significant correlations among the selected test parameters of asphalt mixture interlayer bondings:
No statistically significant difference between the average values of the shear strength in the static tests and the directional coefficients of fatigue curves was proved.
Adjusted displacement in static tests takes a value about twice as high than the displacement at the moment of macro-crack in fatigue tests. Zaobserwowano, iż wartość współczynników kierunkowych krzywych zmęczeniowych Wöhlera uzyskanych dla badanych warunków kontaktu koresponduje z średnią wytrzymałością na ścinanie badaną w próbie statycznej.
Potwierdzenie występowania takiej zależności stanowi istotny element, który może zostać w przyszłości wykorzystany przy budowie modeli regresyjnych trwałości połączeń międzywarstwowych dla różnych warunków kontaktu w oparciu o wyniki badań wytrzymałości statycznej.
Wyniki badań wskazują, iż przemieszczenie skorygowane w badaniach statycznych przyjmuje około dwukrotnie wyższą wartość niż średnie przemieszczenie w momencie makropęknięcia uzyskane w badaniach zmęczeniowych.
Trudne jest natomiast wskazanie wyraźnego wpływu wariantu wykonania połączenia na uzyskaną wartość przemieszczenia.
Uzyskany rozkład wyników wskazał na występowanie wyraźnej tendencji. Wartości modułów stycznych znajdują się w obszarze ekstrapolacji trendu modułów sztywności ścinania uzyskanych w badaniach zmęczeniowych. Możliwe jest wyznaczenie między nimi zarówno zależności prosto jak i krzywoliniowych. Dla połączeń międzywarstwowych bez warstwy sczepnej uzyskano bardzo dobrą korelację zarówno dla funkcji prostoliniowej jak i dla funkcji krzywoliniowej. W celu wyznaczenia ostatecznych zależności konieczne jest podjęcie dalszych badań statycznych i zmęczeniowych.
Rezultaty przeprowadzonych analiz potwierdziły występowanie istotnych zależności pomiędzy wybranymi parametrami badań połączeń międzywarstwowych MMA. Uzyskane rezultaty stanowią ważny krok i mogą zostać w przyszłości wykorzystane przy budowie modeli regresyjnych trwałości połączeń międzywarstwowych dla różnych warunków kontaktu w oparciu o wyniki szybkich i stosunkowo łatwych badań statycznych. Zasadne jest również prowadzenie dalszych prac dotyczących tego zagadnienia, gdyż ich wyniki są istotne zarówno z punktu widzenia naukowo-technicznego jak i ekonomicznego.
